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SUMMARY 


The paper describes the results of strut load measurements in an excavation in soft 
clay carried down below the critical depth for bottom heave. 

The measurements indicate greater earth pressures than could be calculated from the 
classical earth pressure theory. The position of the resultant of the observed strut loads 
is much higher than would be expected from the theory. A redistribution of the earth 
pressure is believed to account for these deviations. 


1. INTRODUCTION 


In 1957/58 an excavation was made for a technical school in Oslo. The ground at 
the site consists of a soft marine clay having a shear strength so low that it proved 
impossible to carry out the excavation in the conventional way without risking a bottom- 
heave failure. Fortunately the depth to rock was only 10 meters, The stability of the 
excavation could therefore be secured by the driving of sheet piles to rock. 

Because of the danger of damaging surrounding buildings, the construction was 
watched closely by the Norwegian Geotechnical Institute and continuous measurements 
were taken of strut loads, earth pressures, settlements etc. The results of these measure- 


ments will be presented in a later publication from the Institute. A summary of the strut 
load measurements is given below. 


2. SUBSOIL CONDITIONS 


The site is situated at the edge of a clay-filled rock canyon. The eastern part of the 
building could thus be founded directly on rock, which was met at shallow depth. 
Below the western part of the building the depth to rock increased rapidly so that the 
sheet had to be driven to 10 meters in order to reacht it, see Fig. 3. 

The top layers at the site consist of filling and a weathered dry crust down to a depth 
of 3,5 meters. Below this a soft normally-consolidated clay is encountered. Its shear 
strength is approximately 1—1,5 t/m? and the sensitivity varies from 3 to 5. Triaxial 
test of the soft clay indicated that the angle of internal friction varies between 25 and 


30°, whereas the cohesion is negligible. The rock surface is covered by a layer of sand 
and gravel. 
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Fig. 1. General arrangement of excavation showing test section and borings. 


The sheet piling — Larssen II neu with a section modulus of 1100 cm*/m — which 
surrounds the excavation, was driven during the autumn of 1956. Care was taken to 
toe the sheet piles into the rock, which is relatively soft. 

In November 1957 the upper row of struts was placed at a depth of 0,4 m below 
ground surface. The excavation was then continued down to a depth of 3,5 m when 
a second row of struts was placed at 2,8 m depth. Further excavation was then done in 
sections down to a depth of 4,75 m, the third row of struts being placed successively 
at a depth of 4,5 m. The final excavation down to a depth of 5,8 m was also carried 
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Fig. 2. General view of test section on Ist February 1858, looking north 
The bottom row of struts has been removed. 
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Fig. 3. Cross section A-A on centerline of test section. See Fig. 1. 
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Vig. 4. Description and properties of the soil behind the sheet piling in the test section. 


out in sections, the reinforced concrete being placed successively as bottoming-up pro- 
ceeded. 

The excavation procedure is illustrated in Fig. 5, which also shows the location of 
the rock under the sheet piles and the arrangement of the struts. The pillars on which 
this side of the building was founded are also shown. 

Standard rolled steel profile DIP 22 was used for walings, while the struts were 
made up of two single sheet piles — Larssen Ia — welded together to form a box 
profile, having a cross-sectional area of 91 cm* and a minimum section modulus of 
600 cm*, All struts were given a prestress of approximately 20 tons on insertion. 


4. PORE PRESSURES AND SETTLEMENTS 


The pore pressures in the clay and in the bottom sand layers were measured at 
various points as shown in Fig. 7. The excavation in rock caused a reduction of 2 to 3 
meters in pore water pressure in the sand and gravel layers above the rock. During the 
last phase of the excavation, an attempt was made to compensate this reduction of 
pore pressure by irrigation from two wells in the middle of the canyon. 

The settlements of the ground surface outside the sheet piles are indicated in Fig. 3. 
The deformation of the clay layers next to the sheet piles results partly from the reduc- 
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Fig. 6. Arrangement and detail of vibrating-wire strain gauges. 


tion in pore water pressure and partly from deformation of the sheet piles. The settle- 
ments resulting from the reduction in pore water pressure in the bottom layer of sand 
and gravel were reasonably uniform over the area, and amounted to about 1 cm during 
the period of excavation. A settlement of 7 cm was observed at the settlement stake 
approximately 1 m behind the sheet pile wall. The effect of the deformation of the sheet 
piles on the settlement of the surrounding clay was observed to extend for a distance 
behind the sheet piles of the same order of magnitude as the depth of the excavation. 
Assuming the sheet piling to be pinned at rock and upper strut levels, the settlement 


of the surrounding clay would correspond te a mid-span deflection of the sheet pile 
wall of 2,7 cm. 


5. MEASUREMENT OF STRUT LOADS 


The strut loads were measured by vibrating wire strain gauges as described by K. 
@yen in a paper to this conference. At each strut, six gauges were placed as indicated 
in Fig. 6. Measurements were taken in two struts in the upper row and three struts 
in each of the lower two rows. 

The direct results of the measurements are given in Fig. 8. In the same diagram are 
also given the temperatures which of course influenced the strut loads, especially during 
the cold spell in December. The separate readings of the six gauges are given for strut 
Cl in Fig. 9. Opportunity was taken to check the zero readings of the gauges when 
this strut was removed from the excavation on 3rd January, 1958. 
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Fig. 7. Piezometric levels in section A-A. 


From Fig. 8 it is seen that the total strut loads approached 30 t/m run of sheet 
piling at the final state of excavation. The load carried by each of the two lower rows 


of struts was approximately the same, while the top row of struts took only about a third 
of this load. 


6. COMPARISON OF OBSERVED STRUT LOADS AND COMPUTED 
EARTH PRESSURES 


For the design of the struts, the classical earth pressure theory was used. The un- 
drained shear strength of the clay was taken equal to 1,3 t/m* and the adhesion 
between clay and sheet piling was assumed to be half this value. 

The total active earth pressure acting on the full length of the sheet piling from 
ground surface down to rock amounted to 50,6 t/m. At the time of maximum exca- 
vation the difference between the active and passive earth pressures was 28,6 t/m. In 
Fig. 10 is a diagram showing a direct comparison between calculated net pressure on the 
sheet piling and the total measured strut loads. 

This comparison of measured strut loads and calculated earth pressure is complicated 
by the fact that a part of the earth pressure is transferred to rock at the toe of the sheet 
piling. The proportion which is transmitted to the rock in this way is not known, but 
it is surprising to see that the measured total of strut loads is approximately equal to 
— and even exceeds — the calculated net pressure (see Fig. 10). 
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Fig. 8. Strut load diagrams. 
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Fig. 9. Individual strain gauge readings for strut C.1. 


The possible explanation of this is that near the rock the deflection of the sheet pile 
is restricted so that full mobilization of the shear strength of the clay is not atained. 
Consequently somewhat higher active and lower passive earth pressures may exist than 
given by the theory. It is of interest in this connection to mention that the horizontal 
deflection of the sheet piling at mid-span amounts to 0,3 % of the total height of the 
wall. 

In the lower part of Fig. 10 is. shown the location of the resultant of the observed 
strut loads, which is seen to act at about two thirds of the excavation depth.(1) The 
resultant of the computed net pressure — based on the classical theory and fully mo- 
bilized shear strength — is also shown in Fig. 10. It is seen to be located consider- 
ably lower than the observed resultant of the strut loads, acting at a level below the 
bottom of the excavation. On the basis of the observed deflection of the sheet piling 
an attempt has been made to explain this finding in terms of a redistribution of the 


(1) Incidentally the total observed strut loads also correspond to the liquid pressure of clay above 
the bottom of the excavation. 
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Fig. 10. Diagrams showing a) magnitudes and b) locations of resultants of 
observed strut loads and calculated earth pressure. 


strut loads resulting from the stiffness of the piles. Such a redistribution, however, 
cannot possibly account for the great difference actually observed between the positions 
of the resultants. It is thus believed that the earth pressure distribution assumed in the 
classical theory is not realistic, and that a redistribution of the earth pressures from 


the lower to the higher parts of a sheet pile wall occurs even in a clay as soft as 
described here. 
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7. CONCLUSIONS 


In the paper is discussed the earth pressure in a soft clay excavation which is not 
stable against bottom heave without the support of sheet piles driven to rock. 

The total of the measured strut loads is found to be approximately equal to the 
net earth pressure on the total length of the sheet piling as calculated by the classical 
theory. 

The distribution of the strut loads is such that the point of action of their resultant 
is at about two thirds of the excavation depth. This position is much higher than could 
be derived from the classical theory. 

As the earth pressures on the lower part of the sheet piling are unknown it is not 
possible to give a clear interpretation of the observations. It is, however, believed that 


a marked upward redistribution of the earth pressure took place despite the low shear 
strength of the clay. ‘ 
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